Background and Purpose-Significant portion of the prehospital delay consists of minutes spent on the scene with the patient. We implemented a training program for the emergency medical services personnel with the aim to optimize the on-scene time (OST) and to study the impact of different elements of prehospital practice to the OST duration. Methods-In this prospective interventional study, key operational emergency medical service performance variables were analyzed from all thrombolysis candidates transported to the Helsinki University Hospital emergency department. The catchment period was 4 months before and 4 months after the implementation. Results-One hundred and forty-one patients were managed as thrombolysis candidates before and 148 patients after the training program implementation. The OST duration for the groups was 25 (20.5-31) and 22.5 (18-28.5 was register based, no separate ethical review board approval was required. The study setting, existing prehospital stroke protocol, hospital emergency department (ED) process, and data collection principles have been described elsewhere.
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S
ignificant progress has been made in Helsinki stroke chain of survival in streamlining the in-hospital management of stroke thrombolysis patients, but similar expedition has proved difficult to achieve in the prehospital management steps. 1 In selected comprehensive stroke centers, the doorto-treatment time for intravenous thrombolysis is already well <30 minutes, but the prehospital onset-to-door time has remained stagnant above the 60-minute mark through almost 2 decades. [2] [3] [4] Although patient-dependent deliberations still dominate the prehospital bottleneck, problems do exist within the organized chain of recovery. 5, 6 Although early symptom recognition, ambulance dispatch using the stroke code, and transport using high priority have received considerable attention in numerous reports, similar honing has not occurred in the workflow of the ambulance crew operating on the scene.
In our first 3-year report of the sequential prehospital delays of thrombolysed patients, the on-scene time (OST) varied between 18 and 23 minutes depending on symptom severity. 5 To our surprise, our recent analysis revealed that the median OST had increased to 24 minutes-almost 10 minutes longer than the current American Stroke Association guidelines recommend (≤15 minutes). 6 This led us to perform a quality assurance program, including a lecture-based training package for the emergency medical system (EMS) personnel, aiming to shorten the on-scene operation and streamline the workflow. This study aimed to decrease the median OST of thrombolysis candidates to ≤20 minutes by enhancing the performance of the personnel with a focused training program.
Methods
The planning of this prospective interventional study took advantage of existing continuously gathered prehospital EMS data. The study plan was approved by the Departments of Emergency Medicine and Neurology of the Helsinki University Hospital. Because the study 2
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was register based, no separate ethical review board approval was required. The study setting, existing prehospital stroke protocol, hospital emergency department (ED) process, and data collection principles have been described elsewhere. 5, 6 During a 3-month training period, all ambulance crews (both advanced and basic life support certified) in the Helsinki University Hospital area attended a 45-minute training session and participated in interactive follow-up group sessions (online-only Data Supplement).
The key practice points targeted by the training program were to (1) increase general time awareness of the EMS staff (ie, adding an OST timer function to the paramedics' laptop computers), (2) limit the overall number of emergency on-scene procedures (ie, ≤3 allowed attempts in intravenous cannulation), (3) transport the patient to the ambulance using a carrying chair instead of an ill-maneuverable stretcher, and (4) transform the general management workflow into a typical load and go setup to automate fast assessment and immediate transport.
All patients transported by ambulances to Helsinki University Hospital ED using the stroke code 4 months before and after the training period were registered, and their prehospital electronic patient reports were retrieved from the Merlot Medi (CGI Inc) database. Transportations from other healthcare institutions were not included. Key operational variables describing EMS performance were compared before and after implementing the training program. A dichotomized analysis was made to short and long OST duration groups using the sample median. Variables with >90% complete data sets and P<0.2 were selected for regression analysis to determine associations with a short OST. The statistical analysis was conducted using the SPSS 21 statistical package. Significance was considered at P<0.05.
Results
During the 8-month study period, the EMS transported a total of 879 suspected stroke patients to Helsinki University Hospital, of which 20 were regarded as interfacility transports. Of the remaining 859 patients, 289 were identified as potential thrombolysis candidates by the emergency medical dispatchers and managed accordingly by the EMS using high priority ambulance transport, the stroke code, and a prenotification to the ED. One hundred and forty-one patients were registered before and 148 after the implementation of the training package. The groups did not differ in terms of patient age, sex, frequency of physician's telephone consultations, or number of advanced life support-trained crews (P>0.1), but the training program was found to be followed by a decrease in the OST by 10% (Figure) . However, this did not translate into net savings in the overall dispatch-to-hospital time, which remained at 45 minutes (P>0.1).
Consultation with a prehospital emergency physician or a neurologist via telephone was associated with longer on-scene durations in the univariate comparisons and multivariable regression model, whereas higher training level of the EMS personnel promoted a shorter OST. Participation in the training program showed a strong trend toward shorter OST durations (Tables 1-2) .
Discussion
This study describes novel steps in the continuous optimizing and honing of the stroke chain of recovery in the comprehensive stroke center in Helsinki. 2, 3, 5, 6 Although several components of the prehospital chain of thrombolysis candidates are However, these reports lacked valuable information about the convergence of prehospital and in-hospital phases to expedite in-hospital management. Because different EMS systems can have fundamental differences, direct comparisons are difficult, and the ideal OST must be determined locally. The key is to do as little as possible on the scene but not to omit tasks that delay the ED process (ie, intravenous cannulation). Because emergency procedures in a moving vehicle can jeopardize both the patient and the EMS personnel, they should be avoided. However, postponing the hospital prenotification and some written reporting to the transport phase can sometimes be beneficial.
The study raises novel modifiable elements in the prehospital chain. A low-cost education program had a measurable influence on OST reduction, which was associated with the education level of the crew (Tables 1-2) . Therefore, educating the personnel of imperatives stemming from the time-dependent ischemic pathophysiology may create a time-saving opportunity. Regardless of the geographical position, rural or metropolitan, the OST contains a considerable modifiable time-saving potential.
The study was based on a single-center sample, which limited its size. This might also explain why the obvious decrease in the OST did not directly translate into reduced dispatch-tohospital time, although the latter did associate with reduced OST (Table 1) . Repetitive training is challenging to include in the training scheme of EMS personnel who every day manage a capricious palette of injured and critically ill. In Helsinki, suspected acute stroke comprise only 3% of the task load of the EMS. Therefore, the overall results are reassuring, even though decreasing system-based delays must be implemented as a continuous dynamic process.
Summary
In conclusion, the EMS training package successfully decreased the OST of thrombolysis candidates by 10%, from 25 to 22.5 minutes. Higher advanced life support training of the ambulance crew was associated with a shorter OST and the decision to consult a physician via telephone with a longer OST. Despite the fact that the prehospital chain of care is largely dependent on the incidental physical setting, several minutes can still be spared by a focused training program targeting on how to operate on the scene of an acute stroke.
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Supplemental Methods
Study setting
Helsinki University Hospital (HUH) is the largest comprehensive stroke center in Finland and manages all neurologic emergencies in the Helsinki metropolitan area and surrounding region. Its catchment area covers approximately 1.5 million inhabitants and the 65-bed ED has 30,000 visits a year, of which approximately 1,100 are stroke patients.
The Helsinki region has a three-tiered emergency medical service (EMS) system consisting of two-manned basic life support and advanced life support ambulances and two physician-staffed mobile intensive care units. The EMS uses an electronic patient reporting system that stores all prehospital patient report and operative data in a common database. Finland has a general emergency number "112" and all the emergency phone calls in the Helsinki area are managed by the regional emergency medical communications center. Acute stroke is screened using the Face Arm Speech Time (FAST) -algorithm. In suspected acute stroke, the nearest ambulance unit is dispatched using the stroke code and high priority ("lights and sirens").
On the scene, the ambulance crew interviews the patient and possible bystanders and conducts a quick neurological examination based on the FAST-algorithm. Glasgow Coma Scale score, blood pressure, oxygen saturation, tympanic temperature, and blood glucose are measured. An intravenous line is set for fluid therapy, enabling also later contrast agent administration. If the patient's symptoms clearly fit acute stroke and started less than five hours earlier, a prenotification phone call is placed to the ED staff on prompt highpriority transport. Atypical symptoms can be discussed on the telephone with an EMS physician or directly with hospital stroke neurologist.
Training package design
The aim of the training package was to implement that ambulance transport of a "stroke thrombolysis candidate" would begin within the target interval of 20 minutes after arriving beside the patient. The EMS operation on the scene in acute stroke should therefore resemble the prehospital management strategy in penetrating chest trauma ("load-and-go").
The training package was designed as a joint project by the medical directors for EMS (M.K, S.L, J.P. and J.H.) in the Helsinki University Hospital region and the senior paramedics and emergency medical technician (EMT) -trained firemen at the Helsinki City Rescue Department. The medical directors and the HUH emergency department neurologist (K.R.) set the goals for the training content and materials. The EMS staff at the Helsinki City Rescue Department were asked to provide their opinions and practical suggestions on how these goals would be best achieved.
The structural design process involved twelve separate 20-minute brainstorming sessions where altogether 149 EMT firemen provided their development ideas from the grass-root level of prehospital practice. The results were assimilated into a lecture-based training package.
